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Abstract
Introduction
The differential associations of beer, wine, and spirit consumption on cardiovascular risk
found in observational studies may be confounded by diet. We described and compared
dietary intake and diet quality according to alcoholic beverage preference in European
elderly.
Methods
From the Consortium on Health and Ageing: Network of Cohorts in Europe and the United
States (CHANCES), seven European cohorts were included, i.e. four sub-cohorts from
EPIC-Elderly, the SENECA Study, the Zutphen Elderly Study, and the Rotterdam Study.
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Harmonized data of 29,423 elderly participants from 14 European countries were analyzed.
Baseline data on consumption of beer, wine, and spirits, and dietary intake were collected
with questionnaires. Diet quality was assessed using the Healthy Diet Indicator (HDI).
Intakes and scores across categories of alcoholic beverage preference (beer, wine, spirit,
no preference, non-consumers) were adjusted for age, sex, socio-economic status, self-
reported prevalent diseases, and lifestyle factors. Cohort-specific mean intakes and scores
were calculated as well as weighted means combining all cohorts.
Results
In 5 of 7 cohorts, persons with a wine preference formed the largest group. After multivariate
adjustment, persons with a wine preference tended to have a higher HDI score and intake
of healthy foods in most cohorts, but differences were small. The weighted estimates of all
cohorts combined revealed that non-consumers had the highest fruit and vegetable intake,
followed by wine consumers. Non-consumers and persons with no specific preference had
a higher HDI score, spirit consumers the lowest. However, overall diet quality as measured
by HDI did not differ greatly across alcoholic beverage preference categories.
Discussion
This study using harmonized data from ~30,000 elderly from 14 European countries
showed that, after multivariate adjustment, dietary habits and diet quality did not differ
greatly according to alcoholic beverage preference.
Introduction
The relationship between alcohol and cardiovascular diseases (CVD) is assumed to be J-shaped
[1]. Several studies have reported differential effects of alcoholic beverages in respect of the pro-
tection against CVD, mostly in favor of wine consumption [2–4]. However, a recent meta-anal-
ysis indicated that moderate consumption of both wine and beer could reduce the risk of CVD
[1]. It may be that the preference for a specific alcoholic beverage is related to the overall die-
tary pattern and the confounding effect of diet may partially explain the difference in risk.
However, not many studies into health effects of alcoholic beverage consumption have taken
diet into account.
The study of Tjønneland et al. was one of the first to investigate the association between
alcoholic beverage intake and diet and received much attention. In a sample of ~50,000 Danish
men and women, they observed that wine consumption was related to a healthier diet: wine
consumers had higher intakes of fruit, fish, vegetables, and olive oil in comparison to the con-
sumption of other alcoholic beverages [5]. Several studies in other European countries and the
U.S. have followed since. A systematic literature review summarizing these studies showed that
people with a beer preference generally have a lower diet quality. For wine consumers, a differ-
ence between Western and Mediterranean study populations was observed: a wine preference
was related to a healthier diet in Northern-Europe and the United States (US) whereas for
most Southern-European countries, no such relation was seen [6]. Furthermore, persons with a
higher consumption frequency, i.e. number of drinking days, have shown to display a healthier
diet, but diet quality decreased with higher absolute amounts of alcohol [7].
Previous studies regarding alcoholic beverage preference and diet showed a wide variety of
different associations across study populations and countries. This can be due to the fact that
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they did not use a uniform definition of alcoholic beverage preference: some used absolute intake
of beer, wine, or spirits [8, 9], others defined preference as the drink that accounted for a certain
percentage (>50%,>70%,>75%) of the total alcohol consumption [10, 11], or alcohol prefer-
ence was poorly assessed with one question only [12]. Furthermore, a wide range of dietary fac-
tors was included: from nutrients, to foods and dietary patterns. Since people consume total diets
instead of single dietary components it is most informative to study dietary patterns and diet
quality. Therefore, the present cross-sectional study aimed to describe and compare dietary habits
and diet quality with alcoholic beverage preference across several European countries using har-
monized data. By using a uniform definition of alcoholic beverage preference and standardized
measures of dietary intake, between-country comparisons can be made. Furthermore, by focusing
on dietary components as well as overall diet quality, we study the whole spectrum of diet.
Materials and Methods
Study design and population
The Consortium on Health and Ageing: Network of Cohorts in Europe and the United States
(CHANCES) project is a multi-country study aiming at the harmonization of data from pro-
spective cohort studies in Europe and the US in order to produce evidence on ageing-related
health characteristics and determinants of healthy ageing among the elderly in these countries
[13]. The CHANCES project includes cohorts from 14 studies across Europe and the USA. In
most CHANCES cohorts, elderly are defined as those who were 60 years or older at recruit-
ment. The CHANCES project as a whole has received ethical approval by the Hellenic Health
Foundation Committee on Bioethics (HHFCB). We did not have any access to personal infor-
mation regarding the participants included in this paper. All data that have been analyzed are
based on the CHANCES harmonized variables and are completely anonymized [14]. In the
individual cohorts, all participants signed informed consent for the original studies. Com-
monly, this was a general statement with no mention to detailed type of studies or specific
objectives to be dealt in the future. With this, the participants acknowledged that the informa-
tion and material they provided was to be used in future research, including the current study.
Within the CHANCES consortium, seven European cohorts were found eligible to answer
our study question based upon availability of data and logistical reasons: the European Prospec-
tive Investigation into Cancer and Nutrition (EPIC)–Elderly study centers of Spain, the Nether-
lands, Greece, and Sweden [15], the Rotterdam Study [16], the Survey Europe on Nutrition in
the Elderly: a Concerted Action (SENECA) study [17], and the Zutphen Elderly Study [18]. EPIC
is a multicenter, prospective cohort study, where 519,978 apparently healthy volunteers from 23
centers in 10 European countries were recruited between 1992 and 2000. The EPIC-Elderly
cohort includes all participants aged 60 or over at recruitment. The EPIC study has received ethi-
cal approval by the IARC Ethical Review Committee. The Rotterdam Study is a prospective
cohort study among 7,983 persons aged 55 years and over who live in a defined geographic area
in Rotterdam, the Netherlands. Baseline examinations were performed between 1990 and 1993.
The Rotterdam Study has been approved by the Medical Ethics Committee of the Erasmus MC
and by the Ministry of Health, Welfare and Sport of the Netherlands, implementing theWet Bev-
olkingsonderzoek: ERGO (Population Studies Act: Rotterdam Study). SENECA is a prospective
mixed cross-sectional and longitudinal study that recruited about 2,000 individuals born between
1913 and 1918 from 12 European countries in 1988 to 1989. Ethical approval was obtained from
the local ethical committees in all 19 included towns of Hamme in Belgium, Roskilde in Den-
mark, Chateau Renault-Amboise, Haguenau and Romans in France, Anogia-Archanes and
Markopoulou in Greece, Monor in Hungary, Padua and Fara Sabina Magliano Sabina-Poggio
Mirteto in Italy, Culemborg in the Netherlands, Elverum in Norway, Marki in Poland, Coimbra
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and Vila Franca de Xira in Portugal, Betanzos in Spain, and Yverdon, and Burgdorf and Bellin-
zona in Switzerland. The Zutphen Elderly Study is a prospective population-based cohort study
including a total sample of 876 men aged 65 to 84 years living in the city of Zutphen, the Nether-
lands. The Zutphen Elderly Study was approved by the Medical Ethics Committee of the Univer-
sity of Leiden in 1985 and 1990 and by the Medical Ethics Committee of the Netherlands
Organization for Applied Scientific Research in 1995 and 2000.
Within the cohorts that were eligible for the present study, analyses were conducted upon
all subjects without missing data on alcohol and dietary intake. For some cohorts, the confound-
ing variables education, employment status, physical activity, and smoking were missing, not
available or not applicable. In order to treat all subjects from each cohort equally, subjects with
missing values for these covariates were not excluded. For categorical variables, a joint indicator
variable for missing values was composed and for continuous variables the median value in the
respective cohort was imputed. Furthermore, subjects with self-reported prevalent diabetes at
baseline were excluded for analysis, since their diagnosis may have influenced their diet and alco-
hol consumption. The numbers in the SENECA Study did not allow comparisons between alco-
holic beverage preference categories and diet by country. Therefore, the cohort was divided into
SENECANorthern Europe, including the Netherlands, Belgium, Denmark, Hungary, Norway,
Switzerland, and Poland and SENECA Southern Europe, including France, Greece, Italy, Portu-
gal, and Spain. The analytical sample sizes were n = 4565 for EPIC-Elderly Spain, n = 6547 for
EPIC-Elderly the Netherlands, n = 8418 for EPIC-Elderly Greece, n = 3263 for EPIC-Elderly
Sweden, n = 3571 for the Rotterdam Study, n = 1069 for SENECANorthern Europe, n = 1169
for SENECA Southern Europe, and finally n = 794 for the Zutphen Elderly Study.
Data assessment and harmonization
Data in the CHANCES project have been collected within the framework of independent
cohort studies, with different protocols for data collection and distinct original research foci.
Data harmonization was a major task of the project and the data harmonization and conver-
sion rules of the CHANCES project have been described elsewhere [14]. Data standardization
and harmonization procedures were largely based upon the experience from the MORGAM
project [19] and previous experiences of project partners. Data assessment procedures included
examination of availability and comparability of cohort data, questionnaires and measurement
procedures used in the individual cohorts, methods for collection of data on health outcomes
and of blood samples.
Dietary assessment
Different dietary assessment methods were used across cohorts; furthermore, the total number
of food items, reference periods, and interview-derived or self-reported dietary assessments dif-
fered. Translation of foods into nutrients was performed using cohort-specific food composi-
tion tables. Jankovic et al. have given a detailed overview of the dietary assessment methods of
the CHANCES cohorts in a supplementary table [20]. EPIC-Elderly the Netherlands, Greece,
and Sweden and the Rotterdam Study applied a validated food frequency questionnaire [16,
21]. EPIC-Elderly Spain, SENECA and the Zutphen Elderly Study used a validated dietary his-
tory method [22–24]. Within the CHANCES project, standardized and harmonized variables
of food groups and nutrients were created for all cohorts.
Alcoholic beverage preference
If not already defined in the cohorts, average daily alcohol consumption in grams was esti-
mated by adding the amounts of pure alcohol found in each standard drink or cohort specific
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size for beer, wine, and spirits. To ensure comparability across cohorts, a conversion rule was
applied using standardized portion sizes (330 ml for a bottle of beer, 175 ml for a glass of wine,
and 25 ml for a shot of spirit) and alcohol percentages in beer (4.5%), wine (12%), and spirits
(37.5%) [14]. As defined in previous studies [25, 26], a person was classified as having a prefer-
ence for beer, wine, or spirits, when the alcohol consumption from the respective drink com-
prised 70% or more of the total alcohol consumption. When the average alcohol consumption
from either beer, wine, or spirits did not reach 70% of the total alcohol consumption, a person
was classified as having no preference. Persons who reported not to consume any alcohol were
classified as non-consumers.
Healthy Diet Indicator (HDI)
Huijbregts et al. developed a dichotomous Healthy Diet Indicator (HDI) score based upon the
1990 WHO dietary guidelines [27]. This score was updated to a continuous scoring system
using the 2003 WHO dietary guidelines by Jankovic et al. [20]. The current HDI score reflects
the most current WHO guidelines on diet for the prevention of chronic diseases. The score
includes 6 nutrients and 1 food group of the 14 WHO guideline goals, which were available for
all included cohorts: percentages of energy intake from saturated fatty acids, polyunsaturated
fatty acids, mono- and disaccharides, and protein; and intakes of cholesterol (mg/day), fruits
and vegetables (g/day), and either total dietary fiber or non-starch polysaccharides (g/day). For
the 7 HDI components, the maximum score of 10 points was allocated if the intake was in
accordance with the WHO guidelines. The maximum total HDI score was 70 if all guidelines
were met [20].
Covariate assessment
Socio-demographic factors including highest level of educational attainment and employment
status, and lifestyle factors including smoking behavior and physical activity, and disease his-
tory of coronary heart disease (CHD) and cancer were assessed by self-administered question-
naires or by interviews. Weight and height were measured in all cohorts, and total and HDL
cholesterol were determined from blood samples. These variables were also standardized and
harmonized within the CHANCES framework.
Statistical analysis
All statistical analyses were performed using SAS, version 9.3, software (SAS Institute, Inc.,
Cary, North Carolina). By cohort, adjusted means and standard errors of nutrient and food
group intakes and HDI scores across alcoholic beverage preference categories were calculated
using generalized linear models (analysis of covariance). Adjusted means were calculated by fit-
ting a regression model using the variable of interest as the dependent variable and the covari-
ates as independent variables. Combining all cohorts, inverse-variance weighted means were
calculated. Based on a priori knowledge, factors that were associated with both alcoholic bever-
age preference and dietary habits were selected as potential confounders. Adjustments were
made for age, gender (not applicable for Zutphen Elderly Study, since they included men only),
education (primary or less (low), more than primary but less than college or university (mid-
dle), college or university (high)), employment status (not applicable for Zutphen Elderly
Study and SENECA, where participants were all retirees, and not assessed in EPIC-Elderly
Spain; full-time or part-time employment and not of pensionable age, self-employed, house-
wife and not of pensionable age, pensionable age and still working, pensionable age and not
working, stopped work before retirement age due to poor health, unemployed and not of pen-
sionable age), self-reported prevalent CHD (yes/no) or cancer (yes/no), smoking status (never,
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former, current), sports activity (hours per week; log-transformed; in the Rotterdam Study
total physical activity measured at first follow-up was used; not available at time of analysis for
EPIC-Elderly Sweden), moderate alcohol consumption (<0–12 gram/day; yes/no), and energy
intake (kcal/day). To assess the robustness of the results, a sensitivity analysis was conducted
where persons with self-reported prevalent diabetes were included in the analyses. Next to
excluding persons with diabetes, a second sensitivity analysis further excluded persons with
self-reported prevalent CHD or cancer from the main analyses. In addition, stratified analysis
according to gender, BMI categories (<25 kg/m2 and25 kg/m2), and categories of absolute
alcohol consumption (>0–12 g/d and12 g/d) were conducted.
Results
General characteristics
Table 1 shows the general characteristics of the elderly of the separate cohorts across categories
of alcoholic beverage preference. In SENECA Southern Europe, the Rotterdam Study, EPIC-El-
derly Spain, and EPIC-Elderly the Netherlands, persons with a wine preference formed the
largest group, ranging from 43 to 58%. In the Zutphen Elderly Study, the group of spirit prefer-
ence was largest with 43% and in EPIC-Elderly Sweden, the group with no preference with
41%. In EPIC-Elderly Greece, the group of persons with a wine preference and non-consumers
were of almost equal size.
Most men had a spirit or beer preference; most women had a wine preference or were non-
consumers. Furthermore, those with a spirit or no preference had the highest absolute alcohol
consumption; except in EPIC-Elderly Spain and SENECA Southern-Europe, where those with
a wine preference consumed the highest amount. In the Zutphen Elderly Study, SENECA
Northern-Europe, and EPIC-Elderly Sweden, those who preferred wine also had the highest
educational attainment. Non-consumers were most likely to have never smoked, whereas those
with a spirit preference were most likely to be a current smoker. In all cohorts, age did not dif-
fer across preference categories.
Alcoholic beverage preference and dietary habits: cohort-specific
differences
No clinically relevant differences between dietary habits and alcoholic beverage preference
were observed in EPIC-Elderly Spain (Table 2). With the only exception that persons with a
spirit preference had a higher meat intake than persons with a beer preference. In EPIC-Elderly
the Netherlands, also few differences were observed. Persons who preferred beer had a lower
dairy intake than persons who preferred wine or non-consumers. Beer consumers also had the
lowest intake of mono- and disaccharides, non-consumers the highest. In EPIC-Elderly Greece,
persons with a wine preference displayed a higher HDI score than persons with a beer or spirit
preference. Furthermore, they had a lower intake of poly-unsaturated fatty acids. Next, persons
with a spirit preference had the highest meat intake in EPIC-Elderly Sweden and a lower HDI
score compared to persons who preferred wine. In the Rotterdam Study, beer consumers had
the highest intake of sugary drinks and saturated fatty acids. Non-consumers had the highest
intake of mono- and disaccharides. In SENECA Northern Europe, persons with a wine and
spirit preference had a higher fish intake than persons with a beer preference. Non-consumers
had a higher intake of mono- and disaccharides compared to persons without a specific prefer-
ence. Most differences in food and nutrient intakes were observed in SENECA Southern
Europe. Here, persons with a spirit preference had higher intakes of fruit, dairy, protein, and
mono- and disaccharides, but lower intakes of poly-unsaturated fatty acids. Persons with a
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PLOS ONE | DOI:10.1371/journal.pone.0161603 August 22, 2016 6 / 19
Table 1. General characteristics of elderly included in the EPIC-Elderly (Spain, the Netherlands, Greece, and Sweden), Rotterdam Study, SENECA
(Northern Europe and Southern Europe), and the Zutphen Elderly Study across categories of alcoholic beverage preference.
Beer preference Wine preference Spiritpreference No preference Non-consumers
EPIC-Elderly Spain
N (%) 263 (6) 2140 (47) 55 (1) 277 (6) 1857 (40)
Age, years 62.5 (1.7) 62.4 (1.6) 64.3 (2.6) 62.4 (1.5) 62.6 (1.7)
Male, n (%) 105 (40) 1315 (61) 70 (13) 210 (76) 313 (17)
Alcohol, g/d 2.2 [0.9–6.8] 17.0 [4.9–36.7] 8.4 [1.8–19.7] 15.7 [6.2–32.3] 0 [0–0]
BMI, kg/m2 29.3 (3.8) 29.2 (3.8) 26.4 (3.9) 29.3 (3.7) 29.9 (4.4)
Sports, hrs/wk 0.5 (1.5) 0.7 (1.8) 1.0 (1.7) 0.6 (1.5) 0.5 (1.5)
Education, n (%)
- Low 212 (81) 1794 (85) 221 (41) 255 (84) 1637 (90))
- Medium 18 (7) 183 (9) 278 (52) 27 (9) 100 (5)
- High 31 (12) 140 (7) 37 (7) 23 (8) 95 (5)
Smoking status, n (%)
- Never 173 (66) 1193 (56) 196 (36) 107 (39) 1575 (85)
- Former 38 (14) 459 (21) 179 (33) 70 (25) 162 (9)
- Current 52 (20) 485 (23) 162 (30) 100 (36) 118 (6)
Self-reported medical history, n (%)
- CHD 10 (4) 10 (4) 30 (6) 7 (3) 47 (3)
- Cancer 12 (5) 12 (5) 44 (8) 2 (1) 69 (4)
Moderate alcohol consumption, n (%)* 219 (83) 854 (40) 292 (54) 120 (43) NA
EPIC-Elderly the Netherlands
N (%) 127 (2) 3783 (58) 541 (8) 708 (11) 1388 (21)
Age, years 63.9 (2.6) 64.4 (2.8) 64.3 (2.6) 64.3 (2.8) 64.7 (2.8)
Male, n (%) 48 (38) 73 (2) 70 (13) 85 (12) 31 (2)
Alcohol, g/d 5.8 [1.2–18.3] 4.2 [1.2–12.3] 8.4 [1.8–19.7] 4.7 [1.5–12.4] 0 [0–0]
BMI, kg/m2 25.7 (4.1) 26.0 (3.8) 26.4 (3.9) 25.8 (3.5) 26.7 (4.6)
Sports, hrs/wk 1.2 (2.0) 1.2 (1.8) 1.0 (1.7) 1.2 (1.7) 0.8 (1.6)
Education, n (%)
- Low 58 (46) 998 (26) 221 (41) 196 (28) 676 (49)
- Medium 62 (49) 2230 (59) 278 (52) 423 (60) 635 (46)
- High 7 (6) 541 (14) 37 (7) 83 (12) 69 (5)
Smoking status, n (%)
- Never 21 (17) 1711 (45) 196 (36) 310 (44) 849 (62)
- Former 51 (40) 1460 (39) 179 (33) 269 (38) 311 (23)
- Current 55 (43) 601 (16) 162 (30) 124 (18) 220 (16)
Self-reported medical history, n (%)
- CHD 6 (5) 132 (3) 30 (6) 33 (5) 87 (6)
- Cancer 5 (4) 282 (7) 44 (8) 44 (6) 107 (8)
Moderate alcohol consumption, n (%)* 81 (64) 2818 (74) 292 (54) 528 (75) NA
EPIC-Elderly Greece
N (%) 537 (6) 2715 (32) 378 (4) 2015 (24) 2773 (33)
Age, years 66.4 (4.4) 67.4 (4.6) 66.9 (4.4) 66.3 (4.5) 67.8 (4.5)
Male, n (%) 254 (47) 1245 (46) 279 (74) 1049 (52) 493 (18)
Alcohol, g/d 1.3 [0.6–8.2] 7.3 [1.2–16.2] 13.2 [4.4–22.1] 2.8 [1.3–12.7] 0 [0–0]
BMI, kg/m2 29.1 (4.7) 28.8 (4.4) 28.8 (4.3) 28.8 (4.3) 29.8 (5.0)
Sports, hrs/wk 0.2 (0.9) 0.3 (0.9) 0.2 (0.9) 0.4 (1.2) 0.2 (0.7)
Education, n (%)
- Low 489 (92) 2494 (92) 346 (92) 1679 (84) 489 (95)
- Medium 24 (4) 147 (5) 18 (5) 196 (10) 103 (24)
(Continued)
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Table 1. (Continued)
Beer preference Wine preference Spiritpreference No preference Non-consumers
- High 21 (4) 62 (2) 13 (3) 135 (7) 42 (2)
Smoking status, n (%)
- Never 347 (65) 1746 (66) 142 (39) 1179 (61) 2322 (85)
- Former 112 (21) 554 (21) 116 (32) 437 (23) 257 (9)
- Current 65 (12) 340 (13) 105 (29) 315 (16) 149 (5)
Self-reported medical history, n (%)
- CHD 39 (7) 157 (6) 30 (8) 100 (5) 165 (6)
- Cancer 23 (4) 91 (3) 18 (5) 64 (3) 111 (4)
Moderate alcohol consumption, n (%)* 454 (85) 1920 (71) 174 (46) 1472 (73) NA
EPIC-Elderly Sweden
N (%) 963 (30) 416 (13) 139 (4) 1329 (41) 416 (13)
Age, years 60.4 (1.4) 60.3 (0.9) 60.1 (1.2) 60.3 (1.0) 60.4 (1.3)
Male, n (%) 559 (58) 61 (15) 107 (77) 711 (54) 78 (19)
Alcohol, g/d 0.9 [0.3–2.7] 1.6 [0.1–3.3] 2.0 [0.2–2.4] 2.9 [0.4–5.4] 0 [0–0]
BMI, kg/m2 25.6 (3.8) 25.5 (3.7) 26.7 (5.1) 25.9 (4.1) 26.2 (4.6)
Sports, hrs/wk N.A. N.A. N.A. N.A. N.A.
Education, n (%)
- Low 544 (57) 184 (44) 97 (70) 675 (51) 283 (68)
- Medium 308 (32) 156 (38) 34 (24) 470 (36) 102 (25)
- High 103 (11) 74 (18) 6 (4) 169 (13) 30 97)
Smoking status, n (%)
- Never 646 (69) 273 (67) 49 (35) 648 (50) 341 (84)
- Former 174 (19) 82 (20) 34 (24) 354 (28) 40 (10)
- Current 120 (13) 53 (13) 53 (38) 285 (22) 27 (7)
Self-reported medical history, n (%)
- CHD 27 (3) 5 (1) 6 (4) 43 (3) 6 (1)
- Cancer 50 (5) 32 (8) 2 (1) 72 (5) 31 (7)
Moderate alcohol consumption, n (%)* 939 (98) 402 (97) 132 (95) 1260 (95) NA
Rotterdam Study
N (%) 209 (6) 1553 (43) 724 (20) 453 (13) 632 (18)
Age, years 62.9 (5.9) 65.2 (7.0) 66.6 (6.8) 64.5 (6.3) 66.8 (7.4)
Male, n (%) 184 (88) 260 (17) 516 (71) 327 (72) 139 (22)
Alcohol, g/d 10.8 [2.2–23.5] 2.7 [0.5–8.6] 18.7 [7.4–32.0] 11.4 [3.8–24.6] 0 [0–0]
BMI, kg/m2 25.6 (3.0) 26.4 (3.7) 26.4 (3.2) 25.8 (2.9) 26.5 (4.1)
Sports, hrs/wk 2565 (1124) 2662 (1109) 2472 (1061) 2598 (1141) 2428 (1209)
Education, n (%)
- Low 65 (31) 488 (31) 186 (26) 103 (23) 277 (44)
- Medium 119 (57) 940 (61) 462 (64) 274 (60) 320 (51)
- High 25 (12) 125 (8) 76 (11) 76 (17) 35 (6)
Smoking status, n (%)
- Never 21 (10) 700 (45) 98 (14) 82 (18) 315 (50)
- Former 126 (60) 572 (37) 401 (55) 275 (61) 200 (32)
- Current 62 (30) 280 (18) 223 (31) 96 (21) 115 (18)
Self-reported medical history, n (%)
- CHD 32 (15) 132 (9) 115 (16) 51 (11) 84 (13)
- Cancer 15 (7) 109 (7) 64 (9) 36 (8) 64 (10)
Moderate alcohol consumption, n (%)* 125 (66) 1242 (80) 261 (36) 240 (53) NA
SENECA: Northern Europe
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Table 1. (Continued)
Beer preference Wine preference Spiritpreference No preference Non-consumers
N (%) 140 (13) 312 (29) 104 (10) 112 (10) 401 (38)
Age, years 73.2 (1.7) 73.3 (1.9) 73.0 (1.8) 72.9 (1.7) 73.7 (1.9)
Male, n (%) 92 (66) 160 (51) 68 (65) 78 (70) 136 (33)
Alcohol, g/d 8.5 [3.0–19.0] 10.0 [3.0–20.0] 6.7 [1.0–13.0] 13.0 [5.5–23.5] 0 [0–0]
BMI, kg/m2 26.1 (3.8) 26.3 (4.0) 26.5 (3.5) 26.2 (4.0) 26.7 (4.8)
Sports, hrs/wk 0.4 (1.4) 0.9 (1.7) 0.6 (1.4) 0.9 (1.9) 0.4 (1.2)
Education, n (%)
- Low 95 (68) 152 (49) 52 (50) 56 (50) 265 (66)
- Medium 38 (27) 109 (35) 46 (44) 45 (40) 109 (27)
- High 7 (5) 51 (16) 6 (6) 11 (10) 26 (6)
Smoking status, n (%)
- Never 42 (30) 147 (47) 32 (31) 30 (27) 257 (64)
- Former 53 (38) 94 (30) 30 (29) 41 (37) 82 (20)
- Current 45 (32) 71 (23) 42 (40) 41 (37) 62 (15)
Self-reported medical history, n (%)
- CHD 35 (25) 39 (13) 26 (25) 15 (13) 93 (23)
- Cancer 4 (3) 4 (1) 2 (2) 3 (3) 8 (2)
Moderate alcohol consumption, n (%) 80 (57) 192 (62) 77 (74) 54 (48) NA
SENECA: Southern Europe
N (%) 27 (2) 682 (58) 8 (1) 58 (5) 394 (34)
Age, years 73.2 (2.2) 73.3 (1.8) 72.9 (1.8) 73.4 (1.7) 73.4 (1.8)
Male, n (%) 16 (59) 410 (60) 3 (38) 48 (83) 107 (27)
Alcohol, g/d 2.0 [0.0–7.0] 17.0 [7.0–32.0] 1.5 [0.5–6.0] 16.0 [5.0–42.0] 0 [0–0]
BMI, kg/m2 27.4 (5.0) 26.8 (4.4) 25.1 (4.2) 27.4 (3.7) 27.0 (4.5)
Sports, hrs/wk 0.4 (1.3) 0.5 (1.3) 0.3 (0.5) 0.5 (1.5) 0.1 (0.7)
Education, n (%)
- Low 21 (78) 476 (70) 4 (50) 38 (66) 323 (82)
- Medium 6 (22) 151 (22) 4 (50) 13 (22) 53 (13)
- High 0 (0) 54 (8) 0 (0) 7 (12) 15 (4)
Smoking status, n (%)
- Never 12 (44) 342 (50) 3 (38) 16 (28) 297 (75)
- Former 11 (41) 223 (33) 2 (25) 27 (47) 76 (19)
- Current 4 (15) 117 (17) 3 (38) 15 (26) 21 (5)
Self-reported medical history, n (%)
- CHD 1 (4) 90 (13) 0 (0) 8 (14) 87 (22)
- Cancer 0 (0) 10 (1) 0 (0) 1 (2) 8 (2)
Moderate alcohol consumption, n (%)* 25 (93) 278 (41) 7 (88) 24 (41) NA
Zutphen Elderly Study
N (%) 65 (8) 73 (9) 344 (43) 75 (9) 237 (30)
Age, years 70.5 (5.8) 72.1 (5.0) 72.2 (5.2) 71.8 (5.5) 72.8 (5.3)
Male, n (%) 65 (100) 73 (100) 344 (100) 75 (100) 237 (100)
Alcohol, g/d 12.0 [4.2–24.0] 5.7 [2.1–10.7] 14.0 [5.4–28.0] 18.7 [7.1–41.1] 0 [0–0]
BMI, kg/m2 26.0 (3.7) 24.9 (3.7) 25.5 (2.9) 25.3 (2.8) 25.6 (3.1)
Sports, hrs/wk 0.2 (1.0) 0.5 (1.6) 0.4 (1.3) 0.5 (1.6) 0.1 (0.5)
Education, n (%)
- Low 0 (0) 18 (25) 121 (36) 13 (18) 91 (41)
- Medium 26 (43) 43 (61) 203 (61) 53 (73) 124 (56)
- High 35 (57) 10 (14) 9 (3) 7 (10) 7 (3)
(Continued)
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wine preference had a higher vegetable intake than persons with a beer preference and a higher
oil and fat intake than those with a spirit preference. In the Zutphen Elderly Study, persons
who preferred wine had higher fruit and vegetable intake, and a higher adherence to the HDI
score than persons who preferred beer. Furthermore, persons with a wine preference and non-
consumers consumed more mono- and disaccharides.
Alcoholic beverage preference and dietary habits: overall comparison
Only few relevant differences in food and nutrient intake were observed in the separate cohorts.
Still some general trends were observed. Persons with a wine preference had a higher HDI
score in EPIC-Elderly Greece, the Zutphen Elderly Study, and EPIC-Elderly Sweden and a
higher intake of fish, vegetables, dairy, oils and fats, and fruit in some cohorts. In the Dutch
cohorts and SENECA Northern Europe, non-consumers had the highest intake of mono- and
disaccharides. Next, persons with a spirit preference had a higher meat consumption in EPI-
C-Elderly Spain and Sweden. Persons who preferred beer had the highest intake of sugary
drinks and saturated fatty acids in the Rotterdam Study, a higher meat intake in SENECA
Southern Europe, but lowest intake of mono- and disaccharides in EPIC-Elderly the
Netherlands.
Combined weighted estimates for all cohorts combined are displayed in Table 3. Persons
with a wine preference constituted the largest group. The overall comparison between prefer-
ence category and diet showed somewhat different results than the cohort-specific compari-
sons. Overall, non-consumers had the highest fruit and vegetable intake, followed by wine
consumers. Persons with a beer preference had the lowest intake of vegetables, PUFA, and pro-
tein. Persons who preferred spirits had highest intake of meat and spirits. Although variation
between the categories was small, persons with no specific preference and non-consumers had
the highest HDI score; spirit consumers the lowest.
Sensitivity analyses
Persons with self-reported prevalent diabetes were excluded because their diagnosis may have
affected their alcohol consumption and dietary habits. However, including persons with diabe-
tes in the analyses did not influence the results (S1 Table). Excluding all persons with self-
reported prevalent CHD, diabetes, or cancer at baseline did also not affect the estimates. Men
who preferred wine had the highest HDI score, including lower saturated fat intake and higher
Table 1. (Continued)
Beer preference Wine preference Spiritpreference No preference Non-consumers
Smoking status, n (%)
- Never 6 (10) 12 (17) 32 (10) 13 (19) 51 (24)
- Former 36 (58) 41 (59) 162 (49) 37 (53) 101 (47)
- Current 20 (32) 16 (23) 134 (41) 20 (29) 64 (30)
Self-reported medical history, n (%)
- CHD 5 (8) 13 (18) 60 (17) 9 (12) 53 (22)
- Cancer 3 (5) 7 (10) 24 (7) 7 (9) 25 (11)
Moderate alcohol consumption, n (%)* 33 (51) 57 (78) 147 (43) 28 (37) NA
Shown are mean (SD), median [Inter-Quartile Range], or n (%)
* Deﬁned as an alcohol consumption >0–12 grams/day.
doi:10.1371/journal.pone.0161603.t001
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Table 2. Adjusted a food group and nutrient intakes (mean (SE)) across categories of alcoholic beverage preference.
Beer preference Wine preference Spirit preference No preference Non-consumers
EPIC-Elderly Spain
N (%) 263 (6) 2140 (47) 55 (1) 277 (6) 1857 (40)
Fruit, g/d 338 (14) 325 (5) 349 (30) 332 (14) 351 (6)
Vegetables, g/d 239 (9) 232 (3) 230 (19) 251 (9) 226 (4)
Dairy, g/d 284 (11) 301 (4) 304 (25) 276 (11) 322 (5)
Fish, g/d 54 (2) 57 (1) 65 (5) 57 (2) 57 (1)
Meat, g/d 104 (3) 113 (1) 122 (7) 105 (3) 109 (1)
Oils and fats, g/d 26 (1) 29 (0) 28 (2) 28 (1) 27 (0)
Sugary drinks, g/d 39 (7) 51 (3) 56 (14) 59 (6) 44 (3)
Non-alcohol energy, kcal/d 1944 (6) 1920 (2) 1984 (14) 1940 (6) 1939 (3)
Healthy Diet Indicator, score 46.6 (0.5) 45.2 (0.2) 45.3 (1.1) 45.2 (0.5) 45.4 (0.2)
- Saturated fat, en% 10.8 (0.2) 10.5 (0.1) 10.8 (0.4) 11.1 (0.2) 10.3 (0.1)
- PUFA, en% 5.2 (0.2) 5.6 (0.1) 5.9 (0.3) 5.5 (0.2) 5.4 (0.1)
- Protein, en% 18.9 (0.2) 19.1 (0.1) 19.7 (0.4) 18.9 (0.2) 19.5 (0.1)
- Mono- and disaccharides, en% 18.1 (0.4) 17.5 (0.1) 18.4 (0.8) 18.3 (0.4) 19.2 (0.2)
- Cholesterol, mg/d 331 (7) 344 (3) 351 (14) 340 (7) 336 (3)
- Dietary ﬁber, g/d 24.5 (0.4) 23.9 (0.2) 24.8 (0.9) 24.4 (0.4) 24.5 (0.2)
- Fruit and vegetables, g/d 577 (18) 556 (7) 579 (39) 583 (17) 577 (8)
EPIC-Elderly Netherlands
N (%) 127 (2) 3783 (58) 541 (8) 708 (11) 1388 (21)
Fruit, g/d 221 (13) 242 (2) 222 (6) 225 (5) 242 (4)
Vegetables, g/d 134 (5) 136 (1) 138 (2) 134 (2) 133 (1)
Dairy, g/d 368 (21) 448 (4) 433 (10) 431 (9) 476 (6)
Fish, g/d 5 (0) 5 (0) 5 (0) 5 (0) 5 (0)
Meat, g/d 88 (4) 84 (1) 88 (2) 88 (2) 83 (1)
Oils and fats, g/d 27 (1) 23 (0) 25 (0) 24 (0) 24 (0)
Sugary drinks, g/d 137 (13) 143 (2) 134 (6) 145 (5) 154 (4)
Non-alcohol energy, kcal/d 1715 (4) 1713 (1) 1715 (2) 1708 (2) 1734 (1)
Healthy Diet Indicator, score 44.7 (0.6) 44.5 (0.1) 44.3 (0.3) 44.2 (0.2) 44.4 (0.2)
- Saturated fat, en% 14.0 (0.2) 13.8 (0.0) 14.1 (0.1) 14.0 (0.1) 13.7 (0.1)
- PUFA, en% 6.4 (0.2) 6.1 (0.0) 6.2 (0.1) 6.1 (0.1) 6.0 (0.0)
- Protein, en% 17.4 (0.3) 17.7 (0.0) 17.6 (0.1) 17.6 (0.1) 17.8 (0.1)
- Mono- and disaccharides, en% 23.7 (0.5) 24.7 (0.1) 23.8 (0.2) 24.0 (0.2) 25.9 (0.2)
- Cholesterol, mg/d 210 (5) 206 91) 212 (3) 211 (2) 202 (2)
- Dietary ﬁber, g/d 21.6 (0.4) 22.3 (0.1) 22.1 (0.2) 21.6 (0.2) 22.4 (0.1)
- Fruit and vegetables, g/d 355 (14) 377 (3) 360 (7) 359 (6) 375 (4)
EPIC-Elderly Greece
N (%) 537 (6) 2715 (32) 378 (4) 2015 (24) 2773 (33)
Fruit, g/d 342 (6) 351 (3) 319 (8) 335 (3) 336 (3)
Vegetables, g/d 401 (6) 411 (2) 393 (7) 403 (3) 409 (3)
Dairy, g/d 200 (5) 171 (2) 199 (6) 192 (3) 194 (2)
Fish, g/d 15 (1) 19 (0) 15 (1) 18 (0) 18 (0)
Meat, g/d 72 (1) 69 (1) 76 (1) 71 (10 71 (1)
Oils and fats, g/d 47 (0) 47 (0) 47 (1) 47 (0) 48 (0)
Sugary drinks, g/d 103 (4) 90 (2) 100 (5) 95 (2) 95 (2)
Non-alcohol energy, kcal/d 1788 (4) 1779 (2) 1790 (4) 1775 (2) 1796 (2)
Healthy Diet Indicator, score 52.3 (0.3) 54.9 (0.1) 51.2 (0.4) 52.8 (0.2) 53.4 (0.1)
- Saturated fat, en% 11.9 (0.1) 11.5 (0.0) 12.1 (0.1) 11.8 (0.1) 11.8 (0.0)
- PUFA, en% 7.2 (0.1) 5.7 (0.1) 8.6 (0.2) 6.9 (0.1) 6.5 (0.1)
- Protein, en% 15.2 (0.1) 14.9 (0.0) 15.5 (0.1) 15.3 (0.0) 15.3 (0.0)
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Table 2. (Continued)
Beer preference Wine preference Spirit preference No preference Non-consumers
- Mono- and disaccharides, en% 17.3 (0.2) 17.1 (0.1) 16.7 (0.2) 17.2 (0.1) 17.0 (0.1)
- Cholesterol, mg/d 172 (2) 165 (1) 175 (3) 171 (1) 168 (1)
- Dietary ﬁber, g/d 20.0 (0.1) 20.6 (0.1) 19.7 (0.2) 19.9 (0.1) 20.4 (0.1)
- Fruit and vegetables, g/d 743 (9) 761 (4) 712 (11) 737 (5) 746 (4)
EPIC-Elderly Sweden
N (%) 963 (30) 416 (13) 139 (4) 1329 (41) 416 (13)
Fruit, g/d 163 (4) 183 (6) 157 (10) 176 (3) 156 (6)
Vegetables, g/d 80 (2) 94 (4) 75 (6) 85 (2) 84 (4)
Dairy, g/d 408 (6) 418 (10) 431 (17) 406 (5) 417 (10)
Fish, g/d 8 (0) 9 (1) 8 (1) 8 (0) 9 (1)
Meat, g/d 63 (1) 63 (2) 70 (3) 67 (1) 61 (2)
Oils and fats, g/d 31 (0) 31 (1) 32 (1) 32 (0) 32 (1)
Sugary drinks, g/d 116 (5) 110 (7) 103 (13) 113 (4) 128 (8)
Non-alcohol energy, kcal/d 1621 (1) 1613 (1) 1620 (2) 1612 (0) 1627 (1)
- Healthy Diet Indicator, score 45.6 (0.2) 45.8 (0.3) 43.8 (0.6) 45.8 (0.2) 44.9 (0.3)
- Saturated fat, en% 14.2 (0.1) 13.9 (0.2) 14.8 (0.3) 14.2 (0.1) 14.4 (0.2)
- PUFA, en% 4.2 (0.0) 4.2 (0.0) 4.2 (0.1) 4.3 (0.0) 4.2 (0.1)
- Protein, en% 14.7 (0.1) 15.0 (0.1) 15.1 (0.2) 14.9 (0.1) 14.6 (0.1)
- Mono- and disaccharides, en% 20.6 (0.2) 21.4 (0.3) 20.7 (0.5) 20.4 (0.1) 21.4 (0.3)
- Cholesterol, mg/d 167 (1) 167 (2) 175 (4) 169 (1) 168 (2)
- Dietary ﬁber, g/d 19.0 (0.1) 19.5 (0.4) 18.2 (0.4) 19.1 (0.1) 18.9 (0.2)
- Fruit and vegetables, g/d 242 (5) 277 (8) 232 (13) 261 (4) 240 (8)
Rotterdam Study
N (%) 209 (6) 1553 (43) 724 (20) 453 (13) 632 (18)
Fruit, g/d 221 (9) 243 (4) 231 (5) 237 (6) 245 (6)
Vegetables, g/d 213 (7) 215 (3) 212 (4) 213 (5) 203 (4)
Dairy, g/d 383 (18) 401 (7) 392 (0) 373 (12) 406 (10)
Fish, g/d 17 (1) 16 (0) 16 (1) 16 (1) 15 (1)
Meat, g/d 113 (3) 109 (1) 110 (2) 106 (2) 103 (2)
Oils and fats, g/d 41 (1) 40 (0) 40 (1) 41 (1) 39 (1)
Sugary drinks, g/d 241 (17) 131 (6) 120 (10) 136 (11) 143 (10)
Non-alcohol energy, kcal/d 1918 (4) 1898 (2) 1882 (3) 1892 (3) 1924 (3)
Healthy Diet Indicator, score 43.5 (0.4) 43.7 (0.2) 44.0 (0.3) 44.5 (0.3) 43.9 (0.3)
- Saturated fat, en% 14.5 (0.2) 14.3 (0.1) 14.3 (0.1) 14.4 (0.1) 13.9 (0.1)
- PUFA, en% 6.8 (0.2) 6.7 (0.1) 7.1 (0.1) 7.2 (0.1) 6.7 (0.1)
- Protein, en% 17.1 (0.2) 16.9 (0.1) 16.9 (0.1) 16.7 (0.1) 16.7 (0.1)
- Mono- and disaccharides, en% 21.3 (0.4) 21.8 (0.2) 20.8 (0.2) 21.1 (0.3) 23.5 (0.2)
- Cholesterol, mg/d 235 (4) 236 (2) 231 (3) 228 (3) 227 (3)
- Dietary ﬁber, g/d 16.3 (0.3) 17.1 (0.1) 17.0 (0.2) 17.4 (0.2) 16.9 (0.2)
- Fruit and vegetables, g/d 434 (13) 458 (5) 442 (7) 450 (9) 447 (7)
SENECA: Northern Europe
N (%) 140 (13) 312 (29) 104 (10) 112 (10) 401 (38)
Fruit, g/d 183 (12) 177 (9) 195 (14) 181 (14) 202 (7)
Vegetables, g/d 302 (10) 293 (7) 266 (12) 281 (12) 310 (6)
Dairy, g/d 293 (19) 290 (13) 305 (22) 309 (21) 338 (12)
Fish, g/d 16 (2) 24 (1) 26 (2) 23 (2) 21 (1)
Meat, g/d 133 (5) 126 (3) 125 (5) 128 (5) 121 (3)
Oils and fats, g/d 46 (2) 45 (1) 46 (2) 45 (2) 44 (1)
Non-alcohol energy, kcal/d 2039 (49) 2015 (34) 2021 (56) 2062 (54) 2043 (29)
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Table 2. (Continued)
Beer preference Wine preference Spirit preference No preference Non-consumers
Healthy Diet Indicator, score 46.3 (0.6) 46.8 (0.4) 45.8 (0.7) 47.1 (0.7) 46.6 (0.4)
- Saturated fat, en% 16.9 (0.3) 16.1 (0.2) 16.8 (0.4) 17.0 (0.4) 16.2 (0.2)
- PUFA, en% 6.2 (0.3) 6.6 (0.2) 7.0 (0.3) 6.9 (0.3) 6.8 (0.2)
- Protein, en% 13.7 (0.2) 14.0 (0.2) 14.0 (0.3) 14.0 (0.2) 14.2 (0.1)
- Mono- and disaccharides, en% 19.4 (0.5) 18.9 (0.4) 19.5 (0.6) 18.0 (0.6) 20.4 (0.3)
- Cholesterol, mg/d 313 (9) 315 (6) 311 (10) 312 (10) 304 (6)
- Dietary ﬁber, g/d 22.0 (0.6) 22.2 (0.4) 21.7 (0.6) 21.6 (0.6) 23.5 (0.3)
- Fruit and vegetables, g/d 486 (16) 471 (11) 460 (19) 462 (18) 512 (10)
SENECA: Southern Europe
N (%) 27 (2) 682 (58) 8 (1) 58 (5) 394 (34)
Fruit, g/d 274 (39) 303 (9) 371 (72) 250 (27) 291 (12)
Vegetables, g/d 223 (28) 278 (6) 270 (52) 246 (20) 259 (9)
Dairy, g/d 283 (40) 266 (9) 348 (72) 271 (27) 288 (13)
Fish, g/d 41 (7) 46 (2) 42 (13) 44 (5) 37 (2)
Meat, g/d 126 (10) 104 (2) 92 (18) 115 (7) 104 (3)
Oils and fats, g/d 28 (4) 32 (1) 20 (7) 34 (3) 33 (1)
Non-alcohol energy, kcal/d 1980 (114) 2009 (25) 1638 (208) 1992 (79) 1882 (36)
Healthy Diet Indicator, score 46.3 (1.6) 48.6 (0.3) 46.9 (2.9) 46.4 (1.1) 47.8 (0.5)
- Saturated fat, en% 12.0 (0.6) 11.4 (0.1) 11.7 (1.1) 11.8 (0.4) 11.6 (0.2)
- PUFA, en% 4.7 (0.5) 5.3 (0.1) 3.7 (1.0) 5.8 (0.4) 5.1 (0.2)
- Protein, en% 15.7 (0.5) 15.4 (0.1) 16.7 (1.0) 15.3 (0.4) 15.5 (0.2)
- Mono- and disaccharides, en% 19.4 (1.4) 16.3 (0.3) 22.6 (2.5) 17.6 (0.9) 17.6 (0.4)
- Cholesterol, mg/d 305 (20) 278 (4) 275 (37) 305 (14) 292 (6)
- Dietary ﬁber, g/d 19.2 (1.7) 20.2 (0.4) 20.0 (3.0) 19.1 (1.1) 19.1 (0.5)
- Fruit and vegetables, g/d 496 (52) 581 (11) 640 (95) 496 (36) 551 (16)
Zutphen Elderly Study
N (%) 65 (9) 73 (9) 344 (43) 75 (9) 237 (30)
Fruit, g/d 170 (17) 242 (16) 193 (8) 194 (16) 200 (10)
Vegetables, g/d 171 (9) 174 (9) 179 (4) 168 (9) 173 (5)
Dairy, g/d 362 (29) 364 (27) 385 (13) 324 (27) 394 (17)
Fish, g/d 16 (3) 19 (3) 22 (1) 19 (3) 15 (2)
Meat, g/d 119 (5) 113 (5) 114 (2) 116 (5) 108 (3)
Oils and fats, g/d 50 (2) 45 (2) 50 (1) 50 (2) 51 (1)
Sugary drinks, g/d 60 (12) 68 (11) 56 (6) 52 (11) 61 (7)
Non-alcohol energy, kcal/d 2271 (63) 2199 (60) 2135 (29) 2181 (60) 2138 (37)
Healthy Diet Indicator, score 42.5 (0.8) 45.6 (0.8) 44.6 (0.4) 44.4 (0.8) 44.4 (0.5)
- Saturated fat, en% 17.4 (0.4) 16.8 (0.4) 17.1 (0.2) 17.5 (0.4) 16.7 (0.3)
- PUFA, en% 6.9 (0.3) 6.5 (0.3) 7.0 (0.2) 6.7 (0.3) 7.1 (0.2)
- Protein, en% 14.8 (0.3) 14.6 (0.3) 15.0 (0.1) 14.2 (0.3) 14.5 (0.2)
- Mono- and disaccharides, en% 20.6 (0.8) 22.5 (0.7) 20.5 (0.3) 20.1 (0.7) 22.5 (0.4)
- Cholesterol, mg/d 306 (11) 286 (10) 290 (5) 299 (10) 276 (6)
- Dietary ﬁber, g/d 24.3 (0.8) 25.5 (0.7) 24.8 (0.3) 23.5 (0.7) 24.5 (0.4)
- Fruit and vegetables, g/d 341 (20) 416 (19) 372 (9) 362 (19) 373 (12)
Abbreviations: poly-unsaturated fatty acids (PUFA)
a Adjusted for age, sex, education, employment, self-reported prevalence of CHD or cancer, energy intake, smoking status, moderate alcohol consumption,
and physical activity.
doi:10.1371/journal.pone.0161603.t002
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fruit and vegetable intake, whereas in women, non-consumers displayed the highest HDI
scores, as well as the lowest saturated fat intake and highest fruit and vegetable intake.
Overweight and obese persons had a higher HDI score and higher absolute intakes of food
groups, but dietary habits according to preference category were similar. Persons with a lower
alcohol consumption had higher HDI scores and intakes of most components; persons with a
higher alcohol consumption had higher absolute intakes of most food groups. However, the
differences in dietary intake and diet quality between preference categories remained similar.
Discussion
In this study among 29,423 elderly participants from 14 European countries, dietary habits and
diet quality did not differ greatly according to alcoholic beverage preference. Persons with a
wine preference tended to have a higher diet quality and intake of healthy foods in some
cohorts. Combining all cohorts, non-consumers and persons without a specific preference had
highest diet quality. Overall, this large study of harmonized alcohol and dietary data from dif-
ferent European countries showed no consistent dietary patterns associated with alcoholic bev-
erage preference after adjustment for socio-demographic and lifestyle factors.
These findings give insight in the associations between the alcoholic beverage preference
and diet and the potential confounding effect of diet, which may be used in future studies into
beverage-specific health effects. Light to moderate alcohol intake has been suggested to have a
beneficial effect, especially on CHD [28]. Furthermore, studies tend to find a larger protective
effect of wine consumption compared to other specific beverages [29]. The mechanisms by
which moderate alcohol consumption decreases coronary artery disease include the increase of
high density lipoprotein levels, the modification of hemostatic parameters, and the inhibition
Table 3. Adjusted a food group and nutrient intakes (weightedmean and SE) across categories of alcoholic beverage preference of all cohorts
combined.
Beer preference Wine preference Spirit preference No preference Non-consumers
All (n = 29,423)a
N (%) 2331 (8) 11674 (40) 2293 (8) 5027 (17) 8098 (28)
Fruit, g/d 214 (7) 272 (4) 230 (8) 247 (5) 276 (5)
Vegetables, g/d 148 (4) 171 (2) 170 (4) 172 (3) 194 (3)
Dairy, g/d 289 (8) 267 (4) 307 (10) 253 (5) 260 (4)
Fish, g/d 10 (1) 7 (0) 7 (0) 9 (0) 9 (0)
Meat, g/d 75 (2) 82 (1) 91 (2) 75 (1) 80 (1)
Oils and fats, g/d 36 (1) 33 (0) 36 (1) 38 (0) 37 (0)
Sugary drinks, g/d 99 (6) 96 (2) 95 (6) 100 (3) 91 (3)
Non-alcohol energy, kcal/d 1639 (1) 1721 (1) 1735 (2) 1638 (1) 1728 (1)
Healthy Diet Indicator, score 46.9 (0.4) 47.3 (0.2) 45.4 (0.4) 48.1 (0.2) 48.0 (0.2)
- Saturated fat, en% 13.2 (0.1) 12.6 (0.1) 13.9 (0.2) 12.8 (0.1) 12.4 (0.1)
- PUFA, en% 4.5 (0.1) 5.7 (0.1) 6.0 (0.1) 4.9 (0.1) 5.5 (0.1)
- Protein, en% 15.3 (0.1) 16.2 (0.1) 16.1 (0.1) 15.5 (0.1) 16.0 (0.1)
- Mono- and disaccharides, en% 19.3 (0.2) 20.1 (0.1) 20.1 (0.3) 19.0 (0.2) 19.5 (0.2)
- Cholesterol, mg/d 183 (2) 203 (1) 213 (3) 183 (2) 197 (2)
- Dietary ﬁber, g/d 19.7 (0.2) 20.9 (0.1) 19.9 (0.2) 19.9 (0.1) 20.9 (0.1)
- Fruit and vegetables, g/d 380 (9) 477 (4) 422 (9) 447 (6) 513 (6)
a Adjusted for age, sex, education, employment, self-reported prevalence of CHD or cancer, energy intake, smoking status, moderate alcohol consumption,
and physical activity.
doi:10.1371/journal.pone.0161603.t003
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of lipoprotein oxidation by phenolic components present in red wine. Although a biological
effect of alcohol exists, differences in consumption patterns and lifestyle can also partly account
for the protective effect of a moderate alcohol consumption. Differential effects of beer, wine,
and spirits could be more likely to reflect underlying differences in socio-demographic factors
and lifestyle of the study population [30]. Furthermore, it is also likely that health effects are at
least partly driven by the beverage that is consumed most in the country or population under
study. Thus, the association between alcohol consumption and health outcomes is likely to be
confounded by socio-demographic and lifestyle factors. Indeed, most scientific evidence on the
relationship between alcohol consumption and health outcomes including CVD and mortality
is based upon observational cohort studies where confounding by age, sex, socioeconomic sta-
tus and lifestyle is present. Of the 18 prospective studies included in the meta-analysis by Con-
stanzo et al. on the association between beer, wine, spirits, and non-fatal cardiovascular events,
three of them adjusted for age only. The other 15 studies included a wide range of covariates,
including age, sex, education, smoking, BMI, and prevalent diseases, but only three studies
included adjustment for dietary intake. The exact impact of adjustment for dietary factors
could not be determined from these studies [1]. Therefore, this study focused on whether die-
tary habits differed between persons with a preference for beer, wine, or spirits, and thus the
potential confounding effect of diet in the relationship between alcohol and health outcomes.
Several studies have investigated the associations between alcoholic beverage preference and
dietary habits across different countries. In a large Danish sample. Tjønneland et al. observed
that wine consumption was strongly associated with a healthier diet [5]. In a study among
3,756 American men and women, beer and liquor drinkers had a lower intake of fruit, vegeta-
bles and grains and wine consumers had a higher intake of fruit, juices, and vegetables, also
after adjustment for age, education, and smoking status [10]. In another study among Ameri-
can subjects, wine drinkers had healthier diets, characterized by a higher fruit and vegetable
intake and a lower intake of meat [31]. However, a number of studies also found less distinct
associations. Although wine drinkers reported higher intake of fibre and olive oil and lower
intake of sugary drinks and fast foods compared to other alcoholic beverage groups, no relevant
differences in adherence to the Mediterranean food pattern was observed among 10,526 Span-
ish university graduates [32]. Chatenoud et al. did not observe a relationship between wine
drinking and indicators of a healthy diet, including intake of fruit, vegetables, and fish, in a
sample of Italian adults [33]. In the study of Männistö et al. among Finnish men and women,
alcoholic beverage preference was not associated with macronutrient intakes, except that
women who preferred wine consumed more carotenoids [34]. The study of Carmona-Torre
et al. among Mediterranean adults showed no substantial differences in adherence to the Medi-
terranean diet and type of alcoholic beverage consumed [35]. In conclusion, previous studies
have used different definitions of alcoholic beverage preference and a wide range of dietary
exposures. Nevertheless, largest differences were found between persons who preferred wine
and those who preferred beer. In studies performed in both Western and Mediterranean popu-
lations, persons with a beer preference displayed unhealthier dietary habits. Persons with a
wine preference had a healthier diet in Western populations, but this was generally not
observed in Mediterranean countries [6].
The Healthy Diet Indicator was included because diet quality gives more insight in the
potential confounding effect of diet regarding the association between alcohol and health out-
comes. In a study by Jankovic et al., performed earlier within 11 cohort studies from the
CHANCES project, a 10-point increase in HDI score was associated with a reduced mortality
risk of HR 0.90 (95%CI 0.87, 0.93) in 396,391 participants. One way to evaluate the validity of
the HDI score is to assess the relationship with health outcomes [36]. It was therefore con-
cluded that the HDI score as a measure of adherence to the WHO dietary guidelines is a useful
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tool in international comparison studies [20]. No large differences in HDI scores and alcoholic
beverage preference were observed within the CHANCES cohorts. In contrast, other studies
found that wine consumption was associated with a higher diet quality. A recent study among
1,699 Belgian military men showed that beer consumers had lower scores of the Healthy Eating
Index (HEI) 2010 compared to wine consumers [37]. Forshee et al. also showed that wine con-
sumption was positively associated with the HEI, although no adjustments were performed
[38]. Moreover, Ruidavets et al. investigated a diet quality index based upon French nutritional
recommendations and beverage preference among 1,100 middle-aged men. Diet quality was
higher among wine drinkers, compared to beer and mixed drinkers after multivariate adjust-
ment [25].
The comparison with previous studies has shown that associations between alcoholic bever-
age preference and dietary habits vary across countries and cultures. Specifically, the dietary
habits related to wine preference differ between Western and Mediterranean populations. As a
result, the strength and direction of diet’s potential as a confounder may be highly influenced
by the cultural norms in the study population. For example, within EPIC-Elderly Spain persons
with a beer preference tended to have higher HDI scores, whereas most other cohorts showed a
higher HDI score for persons with a wine preference. Although the choice of alcoholic beverage
is determined by cultural norms, these differences are also explained by socioeconomic status.
In wine producing countries such as Spain, wine is affordable for all socioeconomic groups,
and part of the traditional Mediterranean diet. On the other hand, in Northern European coun-
tries, wine is relatively expensive and thus affordable for individuals with a higher social status.
As a result, socioeconomic status might be an important factor in the apparent health effects of
wine [39]. Indeed, after adjustment for educational attainment and employment status next to
the other confounders no large differences in dietary habits were seen across preference
categories.
A strength of the CHANCES project is that it is a large-scale multi-national collaboration of
cohort studies. Pooled analyses of the individual participant data from these different cohorts
is a cost-efficient analytical approach and increases statistical power considerably. However,
although a large effort has been made to harmonize the data across the cohorts, the study relies
on secondary data collected according to different study objectives and protocols, which may
be considered a weakness [13].
The inconsistent results of the current as well as previous studies may indicate that (resid-
ual) confounding by in particular socio-economic status hampers the findings. Alcoholic bev-
erage preference, diet, but also smoking behavior, physical activity are determined by age, sex,
socio-economic status and cultural or religious norms. Hence, when the specific health effects
of wine, beer, and spirits are of interest, these socio-demographic determinants act as con-
founders. If these factors are accurately measured and adequately controlled for in the analysis,
the association between alcoholic beverage preference and health outcomes are probably not
biased by diet. Most studies also corrected for age, sex, educational status, and lifestyle factors.
However, confounding factors can only be fully accounted for if they are measured accurately,
which is usually unlikely to be true. To provide a reliable and correct measure of dietary intake is
particularly challenging in epidemiological studies [40]. As a result, observational studies, includ-
ing the present one, may never be able to fully adjust for the confounding factors associated with
alcoholic beverage consumption. Furthermore, it is difficult to disentangle the effects of volume,
frequency and preference of alcoholic beverage intake because of their correlation. Therefore,
genetic and metabolic studies might be more suited than observational studies to provide further
evidence on the causal link between consumption of alcoholic beverages and disease risk.
In conclusion, this study using harmonized data from ~30,000 elderly from 14 European
countries showed that dietary intake and diet quality did not differ greatly according to
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alcoholic beverage preference after multivariate adjustment. Nevertheless, since alcohol is a
complex exposure, future studies into alcohol consumption and health effects should carefully
consider all associated socio-economic and lifestyle factors, including diet.
Supporting Information
S1 Table. Adjusted food group and nutrient intakes (weighted mean and SE) across catego-
ries of alcoholic beverage preference in those excluding prevalent diseases, and stratified by
gender, BMI-category, and alcohol consumption category.
(DOCX)
Author Contributions
Conceptualization: DS FK EJMF.
Formal analysis: DS NJ.
Funding acquisition: DK LCPGMGOHF AT PB FK EJMF.
Resources: DK LCPGMG OHF AT PB.
Supervision: EJMF.
Writing - original draft: DS.
Writing - review & editing: NJ MGO AG BS OR JCKJ JF CB HPF JMAB SE BM JMH DK
LCPGMG OHF AT PB FK EJMF.
References
1. Costanzo S, Di Castelnuovo A, Donati MB, Iacoviello L, de Gaetano G. Wine, beer or spirit drinking in
relation to fatal and non-fatal cardiovascular events: a meta-analysis. European journal of epidemiol-
ogy. 2011; 26(11):833–50. Epub 2011/11/15. doi: 10.1007/s10654-011-9631-0 PMID: 22076059.
2. Gronbaek M, Deis A, Sorensen TI, Becker U, Schnohr P, Jensen G. Mortality associated with moderate
intakes of wine, beer, or spirits. Bmj. 1995; 310(6988):1165–9. Epub 1995/05/06. PMID: 7767150;
PubMed Central PMCID: PMC2549555.
3. Klatsky AL, Friedman GD, Armstrong MA, Kipp H. Wine, liquor, beer, and mortality. American journal of
epidemiology. 2003; 158(6):585–95. Epub 2003/09/11. PMID: 12965884.
4. Truelsen T, Gronbaek M, Schnohr P, Boysen G. Intake of beer, wine, and spirits and risk of stroke: the
copenhagen city heart study. Stroke; a journal of cerebral circulation. 1998; 29(12):2467–72. Epub
1998/12/04. PMID: 9836752.
5. Tjonneland A, Gronbaek M, Stripp C, Overvad K. Wine intake and diet in a random sample of 48763
Danish men and women. The American journal of clinical nutrition. 1999; 69(1):49–54. Epub 1999/01/
30. PMID: 9925122.
6. Sluik D, Bezemer R, Sierksma A, Feskens E. Alcoholic Beverage Preference and Dietary Habits: A
Systematic Literature Review. Critical reviews in food science and nutrition. 2015:0. Epub 2015/02/13.
doi: 10.1080/10408398.2013.841118 PMID: 25674684.
7. Breslow RA, Guenther PM, Smothers BA. Alcohol drinking patterns and diet quality: the 1999–2000
National Health and Nutrition Examination Survey. American journal of epidemiology. 2006; 163
(4):359–66. Epub 2006/01/06. doi: 10.1093/aje/kwj050 PMID: 16394204.
8. Rouillier P, Boutron-Ruault MC, Bertrais S, Arnault N, Daudin JJ, Bacro JN, et al. Drinking patterns in
French adult men—a cluster analysis of alcoholic beverages and relationship with lifestyle. Eur J Nutr.
2004; 43(2):69–76. Epub 2004/04/15. doi: 10.1007/s00394-004-0442-x PMID: 15083313.
9. Sanchez-Villegas A, Toledo E, Bes-Rastrollo M, Martin-Moreno JM, Tortosa A, Martinez-Gonzalez MA.
Association between dietary and beverage consumption patterns in the SUN (Seguimiento Universidad
de Navarra) cohort study. Public health nutrition. 2009; 12(3):351–8. Epub 2008/05/21. doi: 10.1017/
S1368980008002127 PMID: 18489031.
Alcoholic Beverage Preference and Diet in Elderly across Europe
PLOS ONE | DOI:10.1371/journal.pone.0161603 August 22, 2016 17 / 19
10. McCann SE, Sempos C, Freudenheim JL, Muti P, Russell M, Nochajski TH, et al. Alcoholic beverage
preference and characteristics of drinkers and nondrinkers in western New York (United States). Nutri-
tion, metabolism, and cardiovascular diseases: NMCD. 2003; 13(1):2–11. Epub 2003/05/30. PMID:
12772432.
11. Valencia-Martin JL, Galan I, Rodriguez-Artalejo F. The association between alcohol consumption pat-
terns and adherence to food consumption guidelines. Alcoholism, clinical and experimental research.
2011; 35(11):2075–81. Epub 2011/08/19. doi: 10.1111/j.1530-0277.2011.01559.x PMID: 21848958.
12. Paschall M, Lipton RI. Wine preference and related health determinants in a U.S. national sample of
young adults. Drug and alcohol dependence. 2005; 78(3):339–44. Epub 2005/05/17. doi: 10.1016/j.
drugalcdep.2004.12.004 PMID: 15893165.
13. Boffetta P, Bobak M, Borsch-Supan A, Brenner H, Eriksson S, Grodstein F, et al. The Consortium on
Health and Ageing: Network of Cohorts in Europe and the United States (CHANCES) project—design,
population and data harmonization of a large-scale, international study. European journal of epidemiol-
ogy. 2014; 29(12):929–36. Epub 2014/12/17. doi: 10.1007/s10654-014-9977-1 PMID: 25504016.
14. Kuulasmaa K, Palosaari T, editors. Contributors from Partners of the Consortium on Health and Ageing:
Network of Cohorts in Europe and the United States (CHANCES). CHANCES cohort descriptions,
assessment of the availability and quality of data, and definitions of variables. MORGAMProject e-pub-
lications [Internet]. 2015; (6: ). URN:NBN:fi-fe201501151161. Available from URL:http://www.thl.fi/
publications/morgam/chances_d9/index.html.
15. Trichopoulou A, Orfanos P, Norat T, Bueno-de-Mesquita B, Ocke MC, Peeters PH, et al. Modified Medi-
terranean diet and survival: EPIC-elderly prospective cohort study. Bmj. 2005; 330(7498):991. Epub
2005/04/12. doi: 10.1136/bmj.38415.644155.8F PMID: 15820966; PubMed Central PMCID:
PMC557144.
16. Hofman A, Grobbee DE, de Jong PT, van den Ouweland FA. Determinants of disease and disability in
the elderly: the Rotterdam Elderly Study. European journal of epidemiology. 1991; 7(4):403–22. Epub
1991/07/01. PMID: 1833235.
17. de Groot LC, van StaverenWA. Description of survey towns and populations. Euronut SENECA inves-
tigators. European journal of clinical nutrition. 1991; 45 Suppl 3:23–9. Epub 1991/12/01. PMID:
1809566.
18. Buijsse B, Feskens EJ, Kok FJ, Kromhout D. Cocoa intake, blood pressure, and cardiovascular mortal-
ity: the Zutphen Elderly Study. Archives of internal medicine. 2006; 166(4):411–7. Epub 2006/03/01.
doi: 10.1001/archinte.166.4.411 PMID: 16505260.
19. Evans A, Salomaa V, Kulathinal S, Asplund K, Cambien F, Ferrario M, et al. MORGAM (an international
pooling of cardiovascular cohorts). Int J Epidemiol. 2005; 34(1):21–7. Epub 2004/11/25. doi: 10.1093/
ije/dyh327 PMID: 15561751.
20. Jankovic N, Geelen A, Streppel MT, de Groot LC, Orfanos P, van den Hooven EH, et al. Adherence to
a healthy diet according to theWorld Health Organization guidelines and all-cause mortality in elderly
adults from Europe and the United States. American journal of epidemiology. 2014; 180(10):978–88.
Epub 2014/10/17. doi: 10.1093/aje/kwu229 PMID: 25318818; PubMed Central PMCID: PMC4224363.
21. Riboli E, Kaaks R. The EPIC Project: rationale and study design. European Prospective Investigation
into Cancer and Nutrition. Int J Epidemiol. 1997; 26 Suppl 1:S6–14. Epub 1997/01/01. PMID: 9126529.
22. Feskens EJ, Loeber JG, Kromhout D. Diet and physical activity as determinants of hyperinsulinemia:
the Zutphen Elderly Study. American journal of epidemiology. 1994; 140(4):350–60. Epub 1994/08/15.
PMID: 8059770.
23. Nes M, van StaverenWA, Zajkas G, Inelmen EM, Moreiras-Varela O. Validity of the dietary history
method in elderly subjects. Euronut SENECA investigators. European journal of clinical nutrition. 1991;
45 Suppl 3:97–104. Epub 1991/12/01. PMID: 1809573.
24. Relative validity and reproducibility of a diet history questionnaire in Spain. I. Foods. EPIC Group of
Spain. European Prospective Investigation into Cancer and Nutrition. Int J Epidemiol. 1997; 26 Suppl
1:S91–9. PMID: 9126537.
25. Ruidavets JB, Bataille V, Dallongeville J, Simon C, Bingham A, Amouyel P, et al. Alcohol intake and
diet in France, the prominent role of lifestyle. European heart journal. 2004; 25(13):1153–62. Epub
2004/07/03. doi: 10.1016/j.ehj.2003.12.022 PMID: 15231374.
26. Sluik D, van Lee L, Geelen A, Feskens EJ. Alcoholic beverage preference and diet in a representative
Dutch population: the Dutch national food consumption survey 2007–2010. European journal of clinical
nutrition. 2014; 68(3):287–94. Epub 2014/01/09. doi: 10.1038/ejcn.2013.279 PMID: 24398636.
27. Huijbregts P, Feskens E, Rasanen L, Fidanza F, Nissinen A, Menotti A, et al. Dietary pattern and 20
year mortality in elderly men in Finland, Italy, and The Netherlands: longitudinal cohort study. Bmj.
1997; 315(7099):13–7. Epub 1997/07/05. PMID: 9233319; PubMed Central PMCID: PMC2127011.
Alcoholic Beverage Preference and Diet in Elderly across Europe
PLOS ONE | DOI:10.1371/journal.pone.0161603 August 22, 2016 18 / 19
28. Rehm J, Baliunas D, Borges GL, Graham K, Irving H, Kehoe T, et al. The relation between different
dimensions of alcohol consumption and burden of disease: an overview. Addiction. 2010; 105(5):817–
43. Epub 2010/03/25. doi: 10.1111/j.1360-0443.2010.02899.x PMID: 20331573; PubMed Central
PMCID: PMC3306013.
29. Gronbaek M. Factors influencing the relation between alcohol and mortality—with focus on wine. Jour-
nal of internal medicine. 2001; 250(4):291–308. Epub 2001/09/29. PMID: 11576317.
30. Rimm EB, Stampfer MJ. Wine, beer, and spirits: are they really horses of a different color? Circulation.
2002; 105(24):2806–7. Epub 2002/06/19. PMID: 12070102.
31. Barefoot JC, Gronbaek M, Feaganes JR, McPherson RS, Williams RB, Siegler IC. Alcoholic beverage
preference, diet, and health habits in the UNC Alumni Heart Study. The American journal of clinical
nutrition. 2002; 76(2):466–72. Epub 2002/07/30. PMID: 12145024.
32. Alcacera MA, Marques-Lopes I, Fajo-Pascual M, Foncillas JP, Carmona-Torre F, Martinez-Gonzalez
MA. Alcoholic beverage preference and dietary pattern in Spanish university graduates: the SUN cohort
study. European journal of clinical nutrition. 2008; 62(10):1178–86. Epub 2007/07/05. doi: 10.1038/sj.
ejcn.1602833 PMID: 17609695.
33. Chatenoud L, Negri E, La Vecchia C, Volpato O, Franceschi S. Wine drinking and diet in Italy. Euro-
pean journal of clinical nutrition. 2000; 54(2):177–9. Epub 2000/03/01. PMID: 10694791.
34. Mannisto S, Uusitalo K, Roos E, FogelholmM, Pietinen P. Alcohol beverage drinking, diet and body
mass index in a cross-sectional survey. European journal of clinical nutrition. 1997; 51(5):326–32.
Epub 1997/05/01. PMID: 9152684.
35. Carmona-Torre FD, Garcia-Arellano A, Marques-Lopes I, Basora J, Corella D, Gomez-Gracia E, et al.
Relationship of alcoholic beverage consumption to food habits in a Mediterranean population. Ameri-
can Journal of Health Promotion. 2008; 23(1):27–30. PMID: WOS:000259482700005. doi: 10.4278/
ajhp.07050143
36. Willett WC, McCullough ML. Dietary pattern analysis for the evaluation of dietary guidelines. Asia
Pacific journal of clinical nutrition. 2008; 17 Suppl 1:75–8. Epub 2008/05/28. PMID: 18296306.
37. Mullie P, Clarys P. Beer, wine and lifestyle: a cross-sectional study of the Belgian military population.
Military Medical Research. 2015; 2:33. Epub 2015/12/18. doi: 10.1186/s40779-015-0066-x PMID:
26673847; PubMed Central PMCID: PMC4678488.
38. Forshee RA, Storey ML. Demographics, not beverage consumption, is associated with diet quality.
International journal of food sciences and nutrition. 2006; 57(7–8):494–511. Epub 2006/12/13. doi: 10.
1080/09637480600991240 PMID: 17162328.
39. Gronbaek M. Confounders of the relation between type of alcohol and cardiovascular disease. Annals
of Epidemiology. 2007; 17(5):S13–S5. doi: 10.1016/j.annepidem.2007.01.004 PMID:
WOS:000246626700004.
40. Satija A, Yu E, Willett WC, Hu FB. Understanding nutritional epidemiology and its role in policy.
Advances in nutrition. 2015; 6(1):5–18. Epub 2015/01/17. doi: 10.3945/an.114.007492 PMID:
25593140; PubMed Central PMCID: PMC4288279.
Alcoholic Beverage Preference and Diet in Elderly across Europe
PLOS ONE | DOI:10.1371/journal.pone.0161603 August 22, 2016 19 / 19
